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If the form of the shell be other than spherical, the middle surface is no longer symmetrical with respect to the normal at any point, and the expression of the potential energy is more complicated. The question is now not merely one of the curvature of the deformed surface; account must also be taken of the correspondence of normal sections before and after deformation*. A complete investigation has been given by Love; but the treatment of the question now to be explained, even if less rigorous, may help to throw light upon this somewhat difficult subject.
In the actual deformation of a material sheet of finite extent there will usually be at any point not merely a displacement of the point itself, but a rotation of the neighbouring parts of the sheet, such as a rigid body may undergo. All this contributes nothing to the energy. In order to take the question in its simplest form, let us refer the original surface to the normal and principal tangents at the point in question as axes of coordinates, and let us suppose that after deformation, the lines in the sheet originally coincident with the principal tangents are brought back (if necessary) to occupy the same positions as at first. The possibility of this will be apparent when it is remembered that in virtue of the inextensibility of the sheet, the angles of intersection of all lines traced upon it remain unaltered. The equation of the original surface in the neighbourhood of the point being
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that of the deformed surface may be written
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In strictness (px + S^i)"1, (p2 + Spa)"1 are the curvatures of the sections made by the planes x = 0, y = 0 ; but since principal curvatures are a maximum or a minimum, they represent with sufficient accuracy the new principal curvatures, although these are to be found in slightly different planes, The condition of inextensibility shows that points which have the same * and y in (6) and (7) are corresponding points, and by Gauss's theorem it is further necessary that
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It thus appears that the energy of bending will depend upon two quantities, one giving the alterations of principal curvature, and the other r depending upon the shift (in the material) of the principal planes.
* An extreme case may serve as an illustration. Suppose that the bending is such that the principal planes retain their positions relatively to the material surface, but that tlie principal curvatures are exchanged. The nature of the curvature at tbe point in question is the same after deformation as before, and by a rotation through 90° round the normal the surfaces maybe made to fit ; nevertheless the energy of bending is finite.s infinite stiffness.Vol. i. p. 236]; Theory of Sound, § 74.
